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Abstract 
Ishikari project constructs two lines. The length of the Line 1 is 500 m, and connects the photovoltaic cell to the internet-data 
center. The other line is 1 km length, and it is a test facility and called Line 2. The structures of the cable systems are not 
same to test their performance. The construction was started from 2014 in the field, the Line 1 was completed in May 2015, 
and it was cooled down and do the current experiment, and warmed up. The Line 2 is almost complete in October 2015. It 
will be tested in November and December, 2015. In order to reduce the stress of the cable induced by the thermal expansion 
and contraction, we adopted the way of the helical deformation of the cable. The force of the cable is reduced to 1/3 of an 
usual cable test. Because the cryogenic pipes are welded in the field and we cannot use the baking of the vacuum chamber of 
the cryogenic pipe, a new vacuum pumping method was proposed and tested for the cryogenic pipe. Since the straight pipes 
are used to compose the cryogenic pipe, the pressure drop of the circulation would be 1/100 of the corrugated pipe in the 
present condition, and it is suitable for longer cable system. The heat leak of the cryogenic pipe is ~1.4W/m including the 
cable pipe’s and the return pipe’s. The heat leak of the current lead is ~30W/kA in the test bench. Finally the current of 
6kA/3sec and the current of 5kA/15min were achieved in Line 1. The reduction of heat leak will be a major subject of the 
longer cable system. The cost of the construction will be almost twice higher than that of the copper and aluminum over-head 
line with the iron tower in the present Japan. The cost construction of the over-head line is an average value, and depends on 
the newspaper. 
 
© 2016 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the ISS 2015 Program Committee. 
Keywords: Superconducting DC cable; Ishikari project; helical deformation of cable; Peltier current lead 
1. Introduction 
DC superconducting power transmission cable is one of most important potential applications for high 
temperature superconductors (HTS) [1], [2], [3], [4] because of its low cost compared to AC HTS cable and the 
lower power loss of DC cable compared to AC cable. Since the basic merit of HTS cable should be low loss 
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compared to copper cable, it is well suited  for long distance power transmission. However, an AC HTS cable 
structure cannot be used for long transmission distances because it requires magnetic shielding layers to reduce 
the AC losses and it must be  grounded by connection to the earth [5]. Such a structure induces reactive power 
easily, even for short distances. In order to realize the low loss system, we should develop low heat leak system, 
and it is related with the cryogenic engineering. The heat leak comes from the cryogenic pipe and the terminal 
mainly, and therefore the new technologies are developed. We also pay attention to the circulation power for 
long cable, and how to absorb the thermal shrinkage of the cable. Therefore a new DC cable project was started 
as a Japanese national project in March 2013, and started to refine the concept and the design [6]. The goal of the 
project is to construct a 500-meter DC cable and a 1000-meter DC cable. Four parties (Chiyoda Corporation, 
Sumitomo Electric Ind., Sakura Internet and Chubu University,) combined to establish a partnership in 2014 and 
the design and construction was started. In this paper, we describe the first experimental results of the 500-meter 
cable connected with the photovoltaic cells and the internet data center (iDC) [7], and the construction of the 
1000-meter cable, especially about the helical deformation to absorb the thermal expansion and shrinkage of the 
cable.  
2. Cable parameter and Helical Deformation 
We construct two cables, one is Line 1 and it is the length of 500 m, the rated current of 5 kA, and the cable 
connected one joint. The cable of the Line 1 is installed into the underground, and composed of two cables. The 
lengths of two cables are 200 m and 300 m, respectively. The joint part is not fixed to the cryogenic pipe, and it 
can be moved along the force of the cable. Three cables are joined in the different two positions in Line 2, and 
their lengths of the cables are 482 m, 125 m and 372 m, respectively. The length of two joint parts is 21 m, and 
the joint parts are fixed to the cryogenic pipe. The total length of the cable is 1000 m in Line 2. The cable 
configuration of the Line 2 is shown in Fig. 1.  
 
 
Fig. 1. Configuration of cable in Line 2. 
The second is Line 2 and it is the length of 1000 m, the rated current of 2.5 kA, and the cable connected two 
joints. The cryogenic cooler and circulation pump of liquid nitrogen (LN2) system are located in the side of the 
Terminal A, and the return pipe and the cable pipe are installed into the vacuum outer pipe, therefore one 
circulation pump can circulate the LN2 for 2 km. This is an important factor to extend the length of cable, and it 
is the reason why we use the straight pipes. 
In order to reduce the stress of the cable by the thermal expansion, we adopt the helical deformation of the 
cable because the thermal shrinkage of cable is 3 m for 1 km cable. That is the figure of the cable is deformed 
helically around 300K, and it is more straight around 77K. The helical deformation had been done for two 
intervals, the lengths of the helically deformed cable are 372 m and 482 m as shown in Fig. 1, but the U-tube part 
is not helically deformed.  
Figure 2 shows the X-ray photos of the cryogenic pipe and cable in Line 2 around 300K. The photos were 
shot two dimensionally, and we can see the helical deformation of the cable inside the inner pipe of the 
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cryogenic double pipes. The process method of helical deformation is as follows, 
 
Step 1;Insert cable, and one side of cable is fixed to the cryogenic pipe, and the other side of cable is set free, 
Step 2;Cool down the cable to LN2 temperature, and the length of cable is shorten, and keep it several hours, 
Step 3;Both ends of cable are fixed, and after warm up the cable, 
Step 4;Cable cannot expand freely, and bend helically around 300K. 
We tested the way in the test stand many times in Chubu University, and fixed the way of helical deformation. 
The load cells are attached to two ends of the cable, and monitor the force of the cable. The stress of the cable is 
estimated to be reduced ~1/3 in LN2 temperature as compared with the usual set up of the cable. The reduction 
of the cable stress is also helped by the moving cryostat of the terminal [1]. An actual force of the cable depends 
on the friction of the cable surface and pipe surface, and if we can reduce the friction factor, we can reduce the 
force of the cable, too. 
 
 
 
 
 
 
 
 
Fig. 2. X-ray photos of cryogenic pipe and cable in Line 2. 
3. Cryogenic pipe 
The vacuum degree of the cryogenic pipe is a key parameter, but we cannot adopt the vacuum baking of the 
cryogenic pipe because it is welding in the field, and we use the straight iron steel pipe for the outer pipe because 
it is low cost and to reduce the pressure drop of the circulation. The target vacuum degree of the cryogenic pipe 
is lower than 10-3 Pa [9]. Instead of the baking of the cryogenic pipe, we always use the vacuum pump, and 
developed a new way to reach high vacuum degree. The way of a new method is as follows, 
 
Step 1; Pumping out air of the cryogenic vacuum pipe at first,  
Step 2; Put into high purity carbon dioxide (CO2) gas up to 1 bar into cryogenic vacuum pipe, and vacuum 
pumping to lower than 1 Pa, 
Step 3; Do step 2 several times, and reach around ~10-1 Pa in the last pumping finally. 
 
The residual gas of the cryogenic pipe is CO2, and its purity is almost the same as the gas purity. One of the 
experimental data is shown in Fig. 3. This is the data of Line 1 when the helical deformation had been done for 
the cable of 300 m. The cryogenic pipes are composed of the outer pipe for vacuum pipe chamber, and an inner 
cable pipe and an inner return pipe for LN2 circulation. “Tc4” and “Tr2” in Figure mean the temperature of the 
inner cable pipe and inner return pipe located at the inlet and outlet of LN2, respectively.  “vacuum B1” and 
“vacuum MH” in Figure mean the vacuum degrees near the vacuum pump head and the opposite side of the 
vacuum pump of the cryogenic pipe, respectively. The vacuum sensor of “vacuum MH” is located 300 m from 
the vacuum pump. The vacuum degree of “vacuum B1” is lower than that of “vacuum MH”, but both of them is 
almost lower than the order of 10-3 Pa. 
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Fig. 3. Time history of temperature of inner pipes and vacuum degrees of cryogenic vacuum pipe in Line 1. 
The inner pipes are wounded by the multi-layer insulation (MLI) to reduce the heat leak by radiation, and 
therefore, the temperature of the MLI changes from LN2 to 280K. Molecule of CO2 is absorbed on the surfaces 
of the inner pipe and the MLI because the area of the MLI is wider than the area of pipe surface. Usually CO2 is 
changed to solid around 200K in various pressure, and the vapor pressure of CO2 is very low at temperature of 
LN2. Therefore, high vacuum degree can be realized without baking the cryogenic pipe but the vacuum pump 
always is used. After we put LN2 into cryogenic pipe, the vacuum degree will be lower than 10-3 Pa easily. 
 
After high vacuum degree of the cryogenic pipe was reached in Line 1, we measured the heat leak from the 
cryogenic pipe several times. In the present time, the heat leak of Line 1 is ~1.4W/m. This includes sum of the 
heat leak of the cable pipe and the return pipe, therefore it is an actual value for applications. The structure of the 
cryogenic pipe in Line 2 is different from that of Line 1, and therefore the heat leak of Line 2 will be different 
from that of Line 1. Since one circulation pump is used, the total length of the circulation is 1 km for Line 1. The 
dependency of the cable pipe and the return pipe is different each other, but the sum of the pressure drop of cable 
pipe and return pipe is 30 kPa for flow rate of 42 Liter/min. This value is almost 1/100 of the other experiments 
in our present conditions, and it is easy to apply longer cable. 
4. Terminal and current lead 
If the length of the cable is shorter than 2 km, the heat leak from the terminal is not little, and it is one of 
major part of the heat leak. And if we can reduce the heat from the terminal, we can apply the superconducting 
cable to the short distance system. It is an important issue because we cannot construct longer superconducting 
cable because of many engineering and economic problems.  But it is not easy problem because the requirement 
of the problem is contradiction physically. We use Pelteir effect, and developed Peltier current lead (PCL) [10], 
[11], [12]. We constructed the test bench to measure the heat leaks of the various kinds of the PCLs. Figure 6 
shows the heat leak versus current and the heat leak per current versus current. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. Heat leak of PCL versus current, and heat leak per current versus current in test bench. 
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The usual current lead is 50W/kA, and the design value of the heat leak per current is 35W/kA. It was 30 
W/kA in the experiment as is shown in Fig. 6. But the temperature of high temperature side of the PCL is not 
constant in the experiment and increase with the current. Therefore, if we can keep its temperature to be 20 
degree Celsius, we can expect ~27W/kA. Depending on ref. [13], if we can achieve the heat leak of 25W/kA, we 
can apply the superconducting power distribution system for short distance even in building distribution cable 
system. It would be a good choice to apply the superconducting DC power cable system because the cost of the 
short distance cable is cheaper and the engineering issue of short cable is not difficult. 
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